Purpose: Previous studies suggest that vascular endothelial growth factor (VEGF) circulating levels might improve identification of patients with prostate cancer but results are conflicting. Our aim was to compare serum VEGF levels across different prostate pathologies (including benign prostatic hyperplasia, prostatitis, high grade prostate intraepithelial neoplasia and prostate cancer) in patients at high risk of prostate cancer.
INTRODUCTION
Prostate cancer is the most commonly diagnosed non dermatologic malignancy and the third leading cause of cancer mortality among men in Europe (1) . Prostatic specific antigen (PSA) is widely Clinical Urology doi: 10.1590/S1677-55382010000400006 used for prostate cancer screening, despite its low accuracy across different cut-offs (2) . However, the need to avoid unnecessary biopsies and missed diagnosis has led to the study of several other biomarkers that could further contribute to decide which patients should be referred for prostatic biopsy.
Vascular Endothelial Growth Factor (VEGF)
is a growth factor involved in the promotion of endothelial cell proliferation, vascular permeability and angiogenesis, which are critical stages for tumor growth and development, namely prostate cancer (3) . It is synthesized by adenocarcinoma cells (4, 5) , and in prostatic cancer patients the prostatic gland contributes considerably to circulating VEGF levels (6) . Elevated plasma VEGF levels could reflect prostatic VEGF production, making VEGF a potentially interesting tumor marker to support the decision of submitting a patient to prostatic biopsy.
Previous studies on this topic are conflicting. Some authors have found higher levels of VEGF in prostatic cancer patients (7) (8) (9) (10) , while others found no differences between subjects with benign prostatic hyperplasia (BPH) and those with malignant disease (11, 12) , or increased values only in patients with metastatic prostatic cancer (13) or hormonerefractory disease (14) . However, most previous studies evaluated relatively small samples (8, 9, (11) (12) (13) (14) and all suffered from limited-challenge bias, as prostatitis, which may interfere with the diagnostic value of VEGF, was not evaluated separately in any of the studies and in many studies the control group only included subjects with no suspicion of prostatic cancer (7, 10, 13) .
We attempted to evaluate VEGF as a diagnostic tool for prostatic cancer, comparing its serum levels across groups of patients with suspected prostate cancer, presenting different prostatic pathologies (including BPH, prostatitis, high grade prostate intraepithelial neoplasia (HGPIN) and prostate cancer).
MATERIALS AND METHODS

Patient Selection
During 2006 we consecutively enrolled 186 candidates referred to ultrasound guided trans-rectal prostate biopsy, on the basis of abnormal rectal examination and/or elevated total PSA (tPSA) levels (≥ 2.5 ng/mL), in the Department of Urology of S. Joao Hospital. None of the patients received hormonal therapy, radiotherapy or chemotherapy before undergoing prostate biopsy.
Measurement of Biomarkers
Blood was collected from all participants prior to biopsy, and samples were allowed to clot for 30 minutes before centrifugation. Part of the serum was used for a new assessment of tPSA, free PSA (fPSA) and complexed PSA (cPSA). The remaining serum was frozen (-20ºC), and subsequently was used for VEGF quantification by ELISA (quantitative sandwich enzyme immunoassay technique) double determinations with Quantikine®, a Human VEGF Immunoassay (R&D Systems, Minneapolis, MN).
Outcome Evaluation
The final prostate pathology and the prostate cancer cases Gleason score were defined by biopsy results. The number of biopsy cores ranged from 8 to 13. All prostatic biopsies were reviewed by two different pathologists that were blinded to the patients' different PSA isoforms and VEGF values. Patients were grouped into four mutually-exclusive groups, according to the most severe diagnosis observed in the biopsy specimens, as follows (ordered by increasing severity): normal prostate or BPH (N/BPH), prostatitis, HGPIN, and prostatic cancer.
Statistical Analysis
The Kruskal-Wallis test was used to compare quantitative variables across prostate pathology groups. Spearman correlation coefficients were computed to quantify the association between VEGF and age, tPSA, cPSA and f/t PSA ratio.
A receiver operating characteristic (ROC) analysis was used to compute the area under the ROC curve (AUC) and to identify the VEGF level cut-off for which a higher proportion of patients was correctly classified when distinguishing prostatic cancer from benign diagnosis.
Unconditional logistic regression was used to compute odds ratios (OR) and respective 95% confidence intervals (95% CI) for the association between serum VEGF levels (groups defined using tertiles as cut-offs and the cut-off defined by the ROC curve analysis) and different prostatic pathologies, crude and adjusted for age, tPSA and f/tPSA. The tPSA levels were modeled after log-transformation. Further analyses were conducted combining N/BPH, prostatitis and HGPIN in a group of benign pathology. Due to the low number of patients with HGPIN, these patients were excluded from the analyses by prostatic pathology subgroups, and considered only when comparing malign with all types of benign pathology.
Statistically significance in this study was set as p < 0.05. All reported p values are two-sided.
Statistical analysis was performed using STATA®, version 9.2.
RESULTS
The median age of the participants was 68 years (percentile 25-percentile 75 [P25-P75]: range 62-73), the median tPSA level was 7.4 ng/mL (P25-P75: 5.4-12.1) and the median f/tPSA ratio was 0.16 (P25-P75: 0.08-0.23). Table-1 summarizes participants' characteristics stratified by prostatic histology. Age was similar between groups, but tPSA and cPSA were significantly higher in patients with prostatitis (9.9 and 6.7 ng/mL, respectively) and prostatic cancer (8.3 and 6.4 ng/mL respectively) when compared to N/BPH (5.7 and 4.0 ng/mL, respectively). The median f/t PSA ratio was lower in prostatic cancer patients compared to patients with benign histology (0.11 vs. 0.21).
The median serum VEGF level in our sample was 232.3 pg/mL (range: 16.4-1648.3 g/mL; P25-P75: 144.0-339.6 pg/mL). There was a weak positive correlation between VEGF and tPSA (r = 0.18; p = 0.013) and a weak negative correlation between VEGF and f/t PSA ratio (r =-0.17; p = 0.017). No significant association was observed with age (r =-0.04; p = 0.56) or cPSA (r = 0.15; p = 0.054). These results were similar when stratified by prostatic pathology (data not shown).
As presented in Figure-1 , VEGF levels were significantly higher in prostatic cancer and prostatitis than in N/BPH (median: 266.4, 261.3 and 178.2 pg/mL, respectively; p = 0.029), but no statistically significant difference was observed when comparing prostatic cancer with benign pathology (median: 215.2 vs. 266.4 pg/mL, respectively; p = 0.551). The median VEGF levels were similar when the analysis was restricted to patients with tPSA between 2.5 and 10 ng/mL (211.5 pg/mL for benign histology and 246.7 pg/mL for prostatic cancer; p = 0.67). These results were similar if patients with HGPIN were excluded (data not shown).
The ROC curve of VEGF serum levels for the detection of prostatic malignancy is presented in Figure- 2. The AUC was 0.53 (95% CI: 0.44-0.61) and the cut-off value for which a higher proportion of patients was correctly classified (57.0%) was 266.4 pg/mL.
Higher VEGF levels (3rd third vs. 1st third) were approximately twice more likely in patients with prostate cancer compared to N/BPH, but the adjusted estimates were not significantly different from unity (OR = 2.19, 95% CI: 0.76-6.31) ( Table-2) .
Results comparing benign and malignant prostatic pathology are presented in Table- 3. In gen- eral, OR estimates were lower than when N/BPH was used as reference. The age-and PSA-adjusted OR for the association between prostatic cancer and higher VEGF levels (3rd third vs. 1st third) was 1.44 (95% CI: 0.64-3.26).
In prostatic cancer patients, the VEGF levels were not significantly different across Gleason score groups. The median values were 258.8 pg/mL for patients with histological Gleason score 6, were 272.5 pg/mL for those with Gleason score 7 and 234.8 pg/ 
Figure 2 -Receiver operating characteristic (ROC) curves for vascular endothelial growth factor (VEGF) serum levels as a test for diagnosis prostate carcinoma using the biopsy results as the gold standard.
mL for those with the more aggressive score Gleason score 8-10 (p = 0.716).
COMMENTS
VEGF levels are higher in subjects with prostatitis and prostatic cancer compared to patients at high prostate cancer risk but whose prostatic biopsy only revealed normal or hyperplasic tissue. However, in this consecutive series of patients eligible for prostatic biopsy there were no overall differences in VEGF serum levels between subjects with benign prostatic disease and prostate cancer cases.
Our results contribute to explain the heterogeneity observed in the literature on this topic. Prostatitis is an inflammatory condition associated with angiogenesis that raises VEGF levels, similar to the observed in prostate cancer, and may be highly prevalent in patients with increased tPSA levels. Reports of prostatitis prevalence range from 10% to 63% (15) , and was 16.1% in our series. We observed no relevant difference in VEGF circulating levels between patients with benign prostatic histology and cancer, when patients with prostatitis were also considered in the latter group. The two previous studies (11, 12 ) that evaluated participants with high risk of prostate cancer also observed no significant associations between cancer and VEGF levels.
Other studies (7) (8) (9) (10) 13, 14) showed higher VEGF levels in patients with prostate cancer when compared with healthy controls or subjects with benign prostatic hypertrophy. Such comparisons however, are not clinically relevant since elevated tPSA is the most frequent indication for prostatic biopsy, and reflect limited-challenge-bias (16, 17) . A diagnostic test must be evaluated in a clinically relevant population, preferably in a consecutive series of individuals in whom the target condition is suspected (17) . Studies using healthy controls, not representing the whole spectrum of potential diagnosis alternative to prostate cancer which are able to generate false-positive results, namely when prostatitis is present, produce inflated estimates of diagnostic accuracy (18) .
Also, in some of these studies (7,10,13,14) whose controls were not suspected of having prostate cancer, the investigators did not perform any biopsy in the individuals that were categorized as healthy or only presenting BPH based on low PSA levels and a negative digital rectal examination. However, Thompson et al. (19) detected prostatic cancer in 10.1 percent among those with values of 0.6 to 1.0 ng/mL, 17.0 percent among those with values of 1.1 to 2.0 ng/mL, 23.9 percent among those with values of 2.1 to 3.0 n/mL, and 26.9 percent among those with values of 3.1 to 4.0 ng/mL. These values can lead to a differential information bias that would cause an underestimation of the true association measure.
VEGF could also be important in clinical practice if its levels were higher in patients with worst prognosis prostatic cancer (those with higher Gleason score or in higher clinical stage). In our study, we did not find any significant associations between VEGF levels and Gleason score in the 99 prostate cancer patients, in accordance with previous reports (8, 11, 20, 21) . Only Shariat et al. (7) describe higher VEGF levels in those with higher Gleason score, and Duque et al. (13) report higher levels in patients with Gleason score ≥ 8 although no positive relation between Gleason score and plasma VEGF was observed. Differences in VEGF levels between metastatic and localized prostatic cancer have been reported (13), but we decided not to make this type of evaluation in our study due to the restricted number of cases.
To measure serum VEGF we used the kit from R&D Systems that has an intra-assay coefficient of variation of 4.5% (22) . The Elisa kit has been used previously (7, 12, 13) and is considered adequate to measure VEGF in serum or plasma.
Circulating VEGF in serum from cancer patients may reflect an aggregate of tumor-cell and platelet-stored VEGF (23) . To better reflect the disease-related circulating VEGF levels, the use of rapidly processing citrated plasma samples and additional centrifugation has been recommended (23) . This has been disputed, by other authors, suggesting that both plasma and serum levels of VEGF may be equally useful (24) . Nonetheless, there is a potential for an information bias in our VEGF levels that we cannot exclude, although its effects are difficult to predict.
The use of circulating VEGF to predict disease staging, patient outcome, early identifying patients at higher risk of lymph node metastases or selecting patients for early systemic intervention or adjuvant radiation therapy, sparing others from the associated morbidity with these treatment options, are still under study and can provide important advances in prostate oncology. Ultimately, a better understanding of the VEGF system should provide additional knowledge about prostatic cancer growth that would allow us to develop better molecular markers for use in clinical practice.
Our results show that VEGF levels have no clinical importance in deciding which patients suspected of having prostatic cancer should be submitted to prostatic biopsy. The exclusion of patients with prostatitis from the control group is the probable cause of the heterogeneous results in previous studies.
